Several studies have suggested that an increased high sensitivity C-reactive protein (hsCRP) level is a strong independent predictor of increased risk for atherosclerotic cardiovascular mortality and morbidity. Reduced heart rate variability (HRV) has also been reported to predict cardiovascular events such as sudden death and myocardial infarction in apparently healthy subjects. The aim of this cross-sectional study was to test the possible correlation between variation of the R-R interval as one of the markers of HRV and serum hsCRP levels in a general population in Japan.
cardiovascular events such as sudden death and myocardial infarction in patients with coronary artery disease or apparently healthy subjects. [4] [5] [6] [7] However, the precise mechanism linking the reduced HRV and the serious cardiovascular events remains unknown.
It has recently been suggested that high-sensitivity C-reactive protein (hsCRP) levels, which reflect a small degree of smoldering inflammation, are not only a mere inflammatory index, but are also involved in the progression of atherosclerotic cardiovascular disease. 8) Increased serum hsCRP levels have been reported to be associated with the progression of atherosclerosis, and thus elevated serum hsCRP has been demonstrated to be a predictor of the onset of coronary heart disease, 9, 10) peripheral artery disease, 11) and stroke. 12) Several studies have suggested a relationship between the imbalance of the autonomic nervous system and the activation of the inflammatory system. 13, 14) However, few reports have shown a link between heart rate variability (HRV) as an index of autonomic nerve activity and inflammatory activation as represented by an elevated serum hsCRP level. 15) We hypothesized that the autonomic nervous system and low-grade inflammation might interact with each other and that this interaction may play an important role in the progression of atherosclerosis. The aim of this cross-sectional study was to evaluate the possible correlation between the coefficient of variation of the R-R interval (CVrr) as one of the parameters of HRV and serum hsCRP levels in a general population in Japan.
METHODS

Study population:
The subjects of the present study were recruited from the 40 to 79 year-old general population in Higashiyama (Tozan) town, Iwate prefecture, northern Japan. The subjects were selected randomly in a sex-age stratified manner based on the population characteristics of the town. A total of 1,057 residents (men, 511; women, 546) agreed to participate in the present study. Subjects with a history of coronary heart disease, stroke, and/or beta-adrenergic blocker, digitalis, and/or antiarrhythmic drug use were excluded. In addition, subjects with atrial fibrillation and 1 or more premature contractions were excluded. All participants were examined by transthoracic echocardiography as reported previously. 16 ) Subjects with structural heart disease (previous myocardial infarction, severe valvular heart disease, left ventricular ejection fraction < 50%) documented by echocardiography were also excluded from the analysis, as were those with an abnormally high serum CRP level > 10 mg/L since they were assumed to be suffering from clinically infectious diseases. 17) Measurements: The subjects used a self-reporting questionnaire to document Vol 47 No 6 their medical history, which included drugs prescribed for hypertension, diabetes, hypercholesterolemia, stroke, angina, and myocardial infarction. Body height was measured with the participants in bare feet and weight was measured wearing light hospital clothes. Nonfasting blood samples were drawn from a peripheral vein while the subject was seated. Systolic and diastolic systemic blood pressures were determined using an automated device (HEM-907, Omron, Tokyo) with the subject in a seated position after resting for at least 5 minutes prior to measurement. Measurements were performed twice, with the mean value used for data analysis. The study included Doppler echocardiography. Hypertension was defined as systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg and/or use of antihypertensive drugs. Diabetes mellitus was defined as a random plasma glucose level of ≥ 200 mg/dL, and/or HbA1c ≥ 6.5% 18) and/or use of antidiabetic drugs or injected insulin. Hypercholesterolemia was defined as total cholesterol ≥ 220 mg/dL and/or use of antihyperlipidemic drugs. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m 2 ), and obesity was defined as BMI ≥ 25.
After at least 20 minutes rest, a standard 12-lead ECG was recorded in the supine position, and thereafter the R-R interval was analyzed on the same apparatus (Nihon Kohden, ECG 8410) for 2 minutes. It has been reported that the R-R variation contains both parasympathetic and sympathetic influences, however, short-term R-R variation mainly reflects the parasympathetic nervous system state at rest and in a supine position. 19, 20) The CVrr was used as an indicator of autonomic nerve status in this study. CVrr was determined by dividing the standard deviation of all R-R intervals (SD) by the mean R-R interval (M) for a 2-minute resting ECG recording. Thus, CVrr (%) = (SD/M) × 100.
High sensitivity serum CRP levels were measured by the latex-enhanced immunonephelometric method (N Latex CRP, Dade Behring). Both intra-and interassay quality control procedures were used, and the coefficient of variation of the method was less than 3%. The value in the calibrator was assigned from CRM 470 (IRMM, Geel, Belgium), an international plasma protein reference material. The minimal detectable concentration of this assay system was 0.10 mg/ L. The study protocol was approved by the Ethical Committee of our university, and written informed consent was obtained from all subjects. Analysis: Since the histogram of serum CRP levels was skewed to the left, the data were logarithmically transformed for the following statistical analysis. In order to examine the relationship between CVrr and cardiovascular risk factors, the subjects were divided into quartile groups according to the CVrr values. Several clinical characteristics such as age, heart rate, classical cardiovascular risk factors, exercise habits, and white blood cell count were compared among the groups by one-way ANOVA or the chi-square test. To find the independent asso-_ _ _ _ _ _ ciation between reduced CVrr as an index of the parasympathetic nerve withdrawal and cardiovascular risk factors, we performed multivariate logistic regression analysis to predict the presence of a low CVrr value (below the 5 percentile). Generally, an arbitrary percentile cut-off point (typically the 95th or 97.5th percentile) is chosen to define abnormality with the use of cross-sectional analyses of a reference sample (usually a healthy sample free of the disease of interest). 21) As independent variables, age, heart rate, and established cardiovascular risk factors as well as elevated serum hsCRP level (≥ 3 mg/L) were used since cardiovascular events have been reported to be more frequent in subjects above ≥ 3 mg/L than below 3 mg/L. 17) All values are presented as the mean ± SD. A value of P < 0.05 was considered statistically significant.
RESULTS
Of the random sample of 1,057 subjects, 234 were excluded for the following reasons. CVrr was not determined in 37 participants, a history of apparent heart disease or structural heart disease was detected by echocardiography in 80, 39 had a history of stroke, 74 were administered an adrenergic beta-blocker, digitalis, and/or an antiarrhythmic drug, 54 had atrial fibrillation (n = 17) or 1 or more premature contractions (n = 37), and 12 had an abnormally high CRP level (>10 mg/dL). A total of 823 subjects (mean age, 58.6 ± 10.8, range, 40 to 79 years old, 389 males, 434 females) were included in the final analysis.
The mean heart rate was 66.9 ± 10.5 beats/min. The CVrr (%) averaged 3.29 ± 1.64 with the median value being 2.96. The mean serum hsCRP level was 0.82 Figure) . Among the subjects analyzed, hypertension was present in 323 (39%), diabetes in 62 (7.5%), hyperlipidemia in 224 (27%), obesity in 293 (36%), and elevated CRP levels ≥ 3 mg/L in 49 (6.0%). The reduced HRV group (CVrr below the 5 th percentile) consisted of 43 subjects. Table I shows the baseline characteristics of the study population and their distributions among subjects with a CVrr value below the 5 th percentile ver- Table II . Age, heart rate, and prevalence of hypertension in the lower CVrr category were significantly higher than the higher CVrr category (P < 0.001). The white blood cell count and prevalences of diabetes and hypercholesterolemia were not significantly different among the quartiles. The prevalence of obesity was significantly different among the quartiles (P < 0.05). The results also show that serum hsCRP in the lowest CVrr category was the highest among the quartiles (P < 0.01).
In order to determine which factors predicted the presence of the low CVrr (below the 5 th percentile) of the present cohort, we performed multivariate logistic regression analysis that included cardiovascular risk factors such as sex, age, heart rate, the prevalences of hypertension, diabetes, obesity, and hypercholesterolemia, and elevated serum hsCRP (≥ 3 mg/L) as independent variables (Table  II) . We found that age (OR = 1.86, 95%CI; 1.30-2.65: P < 0.001), heart rate (OR =1.66, 95%CI; 1.28-2.16: P < 0.001) and a high hsCRP level (OR = 3.11, 95%CI; 1.27-7.60: P < 0.02) were significant independent predictors of the low CVrr. When subjects administered antihyperlipidemic drugs were excluded from the analysis, the results were similar to the original analysis (Table III) . 
DISCUSSION
The results of the present study demonstrate that an increased serum hsCRP level was independently associated with reduced CVrr in this Japanese population with relatively low cardiovascular risk. Sajadieh, et al have reported recently that several types of HRV parameters assessed by 24-hour ambulatory ECG recording were associated with subclinical inflammation in a middle-aged to elderly healthy white population. 15) They suggested that an imbalance of the autonomic nerve system may be involved in the inflammatory reaction and the interaction might play an important role in the process of atherosclerosis. However, the subjects in their study were a selected population who agreed to undergo 24-hour Holter ECG recording. Thus, selection bias may have influenced their conclusion. Moreover, although the HRV level is significantly affected by betaadrenergic receptor blockers and by digitalis, 1, 22) Sajadieh, et al did not exclude subjects administered these types of drugs. Similarly, although the serum hsCRP level has been reported to be reduced by antihyperlipidemic agents, specifically statins, 23) they did not assess the possibility. To overcome these limitations, the intent of the present study was to assess the short-term CVrr as one of the important parameters of HRV in all participating subjects, and to exclude subjects administered these drugs. In this regard, the present study seems to have examined apparently health subjects in a more appropriate manner than previous ones because we excluded subjects using antiarrhythmics and with several types of structural heart disease by Doppler echocardiography, ECG, and a questionnaire.
The reasons for the association between the inflammation and the reduced CVrr as an index of the parasympathetic nerve withdrawal remain unknown from the present results. However, an interaction between the autonomic nervous system and the immune system has been reported. Animal studies have demonstrated that stimulation of the vagal nerve, either electrically or pharmacologically, is associated with marked changes in the immunological milieu. 13) Such stimulation is generally immunosuppressive, as reflected by a decrease in circulating proinflammatory cytokines, and is thought to be brought about by afferent vagal stimulation of the hypothalamic-pituitary-adrenal axis as well as an efferent anticholinergic action on hepatic cytokine synthesis.
14) Tracey, et al have shown that both electrical and pharmacological stimulation of the efferent vagal nerve decreases levels of circulating cytokines. 13) Conversely, withdrawal of the parasympathetic nerve activity may facilitate inflammatory reaction.
Reduced HRV has been reported to predict cardiovascular events such as sudden death and myocardial infarction in patients with coronary artery disease or apparently healthy subjects. [4] [5] [6] [7] The association between reduced HRV and fatal arrhythmias in patients with coronary artery disease may be explained by the dis-parity between sympathetic nerve activation and the parasympathetic nerve withdrawal state. 24, 25) However, the pathophysiological link between reduced HRV and coronary heart disease is not well understood. Huikuri, et al have reported that reduced HRV was the strongest independent predictor of focal coronary atherosclerosis in patients with prior coronary artery bypass surgery. 26) They suggested that the reduced HRV may create static blood flow dynamics and thus induce endothelial cell damage of the arterial wall. This might lead to the progression of coronary atherosclerosis and may cause coronary events. In view of these observations, reduced HRV might represent a new mechanism linking inflammation to poor prognosis in coronary heart disease.
It has been reported that reduced HRV was related to age, 27) hypertension, 7, 28) and diabetes mellitus. 7, 29, 20) In this study also, reduced CVrr was associated with age and hypertension after controlling for confounding factors. However, an association was not observed between diabetes mellitus and CVrr. The reason for the lack of correlation between diabetes mellitus and CVrr in this study remains unknown. However, autonomic nerve failure, which largely affects HRV reduction, is likely to occur in the advanced stage of diabetes. 30) Although the present subjects were randomly recruited from the general population, the possibility that diabetic subjects in severe stages may not have been appropriate for participation in the present study could not be completely excluded. Study limitations: In the present study, CVrr was analyzed by time domain analysis from 2-minute ECG recordings. In previous reports, 24-hour Holter recording was mainly used for the measurement of HRV. 6, 15, 31) However, Bigger, et al reported that HRV determined by the frequency domain method from short ECG recordings (for 2 to 15 minutes) was correlated with 24-hour HRV measures, and were predictors of all-cause mortality in the same way as 24-hour HRV measures with myocardial infarction patients. 32) In addition, it has also been reported that low HRV measured by time domain analysis from 2-minute ECG recordings was associated with increased risk of coronary heart disease. 33) In view of this report, 2-minute beat-to-beat heart rate data rather than standard 24-hour HRV measurements were employed in the present cohort study. This seems to reduce participation bias for a longitudinal study that intends to examine the relationship between autonomic nerve activity and cardiovascular morbidity and mortality.
Serum CRP levels in the present study were relatively lower than levels previously reported in western populations. 10, 12) However, we do not believe that the difference was due to bias associated with this study group because it was reported that CRP levels in a Japanese population were lower than the levels in a population in the United States. 34, 35) In this study, the elevated hsCRP level was significantly associated with low CVrr after adjustment for age using the multivariate analysis. However, age is a Vol 47 No 6 potent factor affecting serum hsCRP levels and CVrr. 10, 27, 36) In view of this, in future, larger cohort studies with age-stratified analysis will be needed to determine the relationship between serum hsCRP level and CVrr. Conclusion: The present findings suggest an association between parasympathetic nerve withdrawal as represented by reduced CVrr and inflammation in a middle-aged to elderly Japanese general population. We believe that the autonomic nervous system and inflammation may interact and thus may be involved in the progression of atherosclerotic cardiovascular disease.
